This study investigates the consequences of neck pain after motor vehicle accidents in terms of disability for work and the relationship this has with symptom and work-related factors.
Introduction
Distorsion or strain of the neck due to sudden movement of the head, is a prevalent injury following a motor vehicle accident. Following the original specific injury mechanism during a classic rear-end collision, accompanied by acceleration-deceleration and the whip-like movement of the head, this became known as whiplash. Nowadays, a specific injury mechanism is no longer considered a prerequisite, and any case with strain of the neck after an accident of any kind can be labeled as whiplash. 1 Muscular symptoms of strain of the neck usually heal in days to weeks. Persistent neck complaints, sometimes accompanied by cognitive complaints, are known as post-whiplash syndrome or Whiplash Associated Disorder (WAD). The persistent complaints have become a major medical problem, and source of a large body of research and polemic discussions. 1, 2 Research has shown that up to 40% of neck complaints may become chronic and persist for at least a year. 3 There is a vast amount of research concerning the incidence and course of complaint-related variables. 2 However, whiplash can also lead to long-term sick leave and the granting of disability pensions, the increased socio-economic significance of which is only barely known. 4 Research has shown that sick leave and disability pension costs are much higher than the costs of acute medical care, demonstrating that these parameters are of paramount importance when evaluating the consequences of neck pain after motor vehicle accidents. 5 Furthermore, work disability could also be an important factor contributing to the persistence of complaints. Yet, work disability and related factors after whiplash have received only scant attention in previous research. 6 The previous studies on work disability related to whiplash are very heterogeneous, often limited in sample size, and they show a wide variability in results. Some studies report full or nearly full return-to-work numbers, or limited time of work suggesting that work disability after whiplash is only a minor problem. 1, [6] [7] [8] [9] [10] [11] On the other hand, other studies showed prolonged disability to be a major problem following whiplash. [12] [13] [14] It is clear that, although some studies describe no or a limited duration of work disability following whiplash, it is evident that large discrepancies exist, most probably due to dissimilarities in studied populations and different definitions of (return to) work and work disability.
Furthermore only a limited number of studies investigated potentially underlying factors related to "return to work" and "persistent work disability" that may help explain the apparent discrepancies in the literature concerning the consequences of whiplash. To summarize, previous research suggests that the factors of female gender, older age, heavy manual work and self-employment are related to poor recovery from or persistent work disability after whiplash. 1, 5, 9, 12 In light of the current discrepancies and the fact that sick leave and disability pension costs form a substantial part of the overall costs, this study investigates prevalence and course of work disability in whiplash, focusing on the relationship between whiplashrelated complaints, work characteristics and work disability. The purpose of the current study is to analyze the consequences of neck pain after motor vehicle accidents in terms of disability for work and the relationship that this has with symptoms and work-related factors.
Methods

Study design
Victims of car accidents, who had initiated compensation claim procedures at a Dutch insurance company and who had presented themselves with neck complaints, were invited to participate. The study used a prospective longitudinal design. Participants were assessed at one (Q1), six (Q2) and twelve months (Q3) after their accidents.
Participants and procedure
Traffic-accident victims, who had initiated compensation claim procedures for personal injury with a Dutch insurance company, were asked to participate in this study.
In the Netherlands, the settlement of personal injury claims is based on liability insurance, with the accident victims seeking compensation from the insurance company of the driver at fault. The letter of invitation clearly communicated that the present study was independent of the compensation procedure.
In the Netherlands there is a social security system. Employees receive, for at least one year, at least 70% of their salary when becoming work disabled. Self-employed would have to be self-insured to receive a compensation when becoming work disabled.
During the total intake period, 3752 questionnaires were dispatched. The total number of initial questionnaires returned was 2295 (61.2%). In line with our previous studies, a total of 879 eligible responses, consisting of participants between 18 and 65 years of age, motor vehicle occupants following an accident that caused neck complaints and soft tissue injuries only, with no history of chronic pain and no self-reported loss of consciousness longer than one minute, were included and used for further analyses. [15] [16] [17] 
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Questionnaires and outcome variables
After a median time of 21 days after the accident (mean=23.7 days, S.D.=13.0) we sent each claimant a questionnaire (Q1) concerning the accident, the injuries that they had sustained, their complaints at that time, and questions regarding work and disability. We monitored the course of the complaints and work disability at six months (Q2) and twelve months (Q3) after the accident. Table 1 gives an overview of the general items on the questionnaires.
Work disability
All self-reported job descriptions were classified in terms of physically demanding labor (blue collar) and administrative or managerial work (white collar). Additionally, the minimal level of education of each job description was determined (primary school, lower or senior secondary vocational, higher or university education). Furthermore, the status in terms of self-employment or paid employment was determined. Self-reported work disability, working fewer hours because of reported complaints, was translated into a dichotomous variable for each assessment point to indicate work disability.
Analysis
Statistical analyses were conducted using SPSS version 14. Categorical variables were recoded into appropriate dummy variables before they were used in the regression analysis.
Results
Of the 879 eligible participants with neck complains after the accident, 728 (82.8%) still had neck complaints at Q1, 448 (51.0%) at Q2, and 384 (43.7%) had persistent neck complaints at Q3. Of the 879 eligible participants, 70 (8.0%) did not return the questionnaire at Q2, and 47 (5.3%) did not return the third questionnaire. Table 1 provides an overview of the basic characteristics of participants with persistent neck complaints at the three assessment points.
The 733 participants with neck complaints after the accident, and who were involved in paid work (either paid employment or self-employed), were further analyzed regarding work disability.
In this group, 341 (46.5%) (16 of whom were self-employed) did not suffer from work disability. Furthermore, 141 (19.2%) participants were work-disabled, but had recovered before the first questionnaire was filled out. Four participants were work-disabled at Q1,
Work disability after whiplash: a prospective cohort study but had recovered from neck complaints, and were therefore excluded. A total of 247 (33.7%) were work-disabled at Q1, 138 (18.9%) at Q2, and 92 (12.6%) were work-disabled at Q3. Table 2 provides an overview of work characteristics for these groups. Analyses revealed no significant difference between participants who were selfemployed or who had paid employment regarding work disability after the accident (Χ 2 =0.288, df=1, P=0.591), and work disability at Q1 (Χ 2 =3.622, df=1, P=0.057), Q2
(Χ 2 =3.728, df=1, P=0.053) and Q3 (Χ 2 =2.185, df=1, P=0.139), although the differences at Q1 and Q2 showed borderline significance.
Work disability and concurrent variables
The relationship among work characteristics, concurrent complaints and work disability at one (Q1), six (Q2) and twelve (Q3) months was further investigated. The univariate analysis of work disability at Q1 is presented in Table 3 . The significant variables were used in a multiple logistic regression analysis, the results of which are presented in Table   4 . Results show that work disability at Q1 is independently associated with higher neck pain intensity, more severe restriction of neck movements, more intense concentration complaints and consumption of medication at Q1.
Similar analyses were conducted for concurrent complaints and work disability at Q2 and Q3. The results for Q2 revealed that work disability at Q2 was independently 
Work disability and predictive variables
To investigate the predictive value of investigated variables for continued work disability at six and twelve months, we conducted a second analysis using the group with work disability at Q1. First, a univariate analysis was performed using variables from Q1 as independent variables, and work disability at Q2 as a dependent variable, which yielded similar significant variables as presented in Table 3 , with the exception of work class, which was not significant, and age, which now was found to be significantly related to work disability at Q2. Table 5 shows the results of a multiple logistic regression analysis using the significant variables from the univariate analysis. Results reveal that work disability at Q2 is independently associated with relatively intense concentration complaints at Q1, with higher age and headache intensity showing borderline significance.
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Univariate analyses again indicated that age was significant as related to work disability at Q3. In contrast with the results presented in Table 3 , work class and neck stiffness at Q1
were not significantly related to work disability at Q3. Table 6 shows the results of a multiple logistic regression analysis using the significant variables. Results reveal that work disability at Q3 is independently associated with higher age and more concentration complaints at Q1, independent of other physical complaints at Q1 and work characteristics.
To test this finding further, we added the interaction between combined complaint severity and work class, as well as the interaction between concentration complaints and work class as independent variables to the regression model presented in Table 6 , showing no significant interaction.
Discussion
Our results show that work disability due to post-whiplash syndrome after a motor vehicle accident is a common problem. A total of 58.8% of the studied population with neck complaints was work-disabled after the accident. However, the vast majority of this group recovered from work disability in the first year: 31.3% in the first month, 66.7% in the first six months, and 78.3% in the first year, leaving 21.7% participants with persistent 10, 12 Our univariate analysis shows several factors, especially those related to physical complaints, to be related to concurrent work disability. Even more relevant, the multiple regression models reveal that in the first month physical factors such as higher neck pain intensity, more restricted neck movements and use of medication, are independently related to work disability, together with impaired concentration. At six months, concurrent higher neck pain intensity and more concentration complaints were found to be related to persistent work disability. In line with previous research, concentration complaints were found to be related to concurrent work disability at twelve months. 8 Although one might expect disability for white collar work to be more affected by concentration problems, our results surprisingly show that prolonged work disability is related to concentration complaints independent of the degree of manual labor (blue or white collar work) or level of education. Apparently, concentration complaints affect the ability to work regardless of the level of manual labor or level of education. In contrast with previous research, we found neither self-employment nor gender to be a significant predictive factor related to work disability. 5, 9 Regarding the analysis of the predictive value of parameters, age and impaired concentration complaints were found to be the only factors available at one month that were related to work disability at one year, independent of physical complaints and work characteristics. The intensity of concentration complaints could be an indication of depressive or anxiety symptoms. It would, therefore, be important for future research to investigate whether anxiety or depressive symptoms are indeed related to persistent work disability. The current results suggest that work disability could benefit most from interventions related to recovery from cognitive complaints and less from physically related interventions.
Although the relevance of age in regard to functional recovery from post-whiplash syndrome is a subject of discussion, our results clearly sustain the view that prolonged work disability is most pronounced in higher age groups. 2 Interestingly, previous research consistently found early neck pain intensity to be a main factor related to recovery after one year. [15] [16] [17] Our results indicate that this is not the case for work disability, indicating that the prediction of functional outcome parameters, although being more relevant in regard to overall costs, cannot readily be deduced from research on complaint-related recovery.
Some comments regarding the limitations of this study are in order.
The study group consisted of participants who had initiated compensation claim procedures. However, since the threshold for starting such procedures is low in the Netherlands, there seems to be no strong reason to suspect that this introduced a bias toward patients whose complaints were more serious. 18 The damage-report forms that are used for claiming car damage, and which are usually completed within a few days after the accident, contain a section for the names of victims and their complaints. We directly invited all claimants from these forms, including victims who had not visited an emergency room or sought medical help at the time of the accident; this, thereby, prevented a selection based on medical help-seeking.
Furthermore, although the insurance company and victims can be seen as opposing parties, most personal injury claims in the Netherlands, even large ones that involve serious injuries, are settled out of court. None of the participants was involved in actual litigation. Nevertheless, some studies have recently found that compensation is a critical factor to be considered when studying post-whiplash syndrome. Therefore, the personal injury claimant context should be taken into account when interpreting or generalizing our findings. 19 Compensation data or pensions for work disability data are very difficult to compare across various countries. Comparison is hampered by differences in the instruments used, the timing of measurements, the inclusion criteria and the different definitions of work disability. Furthermore, work disability and especially work compensation, which is often used as an indication of work disability, is determined very differently in various countries due to different social security systems or disability pensions.
As most other studies using compensation or disability pension data have done, we similarly determined work disability, therefore, on the basis of self-report questionnaires.
However, it should be acknowledged that any questionnaire-based data holds a risk of self-report bias.
In sum, this study clearly showed that work disability due to post-whiplash syndrome is not only a common problem, but also that in a considerable number of cases work disability takes a chronic course. Age and concentration complaints were identified as important independent predictors of such long-lasting work disability, whereas no evidence emerged to indicate that the degree of manual labor (blue or white collar work) or educational level was involved in persistent work disability in post-whiplash syndrome.
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